The causes of negative child outcomes need to be reconceptualized in terms of the effects of multiple risks. This paper reviews the extent of the problems associated with adverse development in children from deprived backgrounds using two parallel lines of research: epidemiological evidence and early intervention. Epidemiological studies suggest that multiple risk factors interact, magnifying the chances of non-optimal development for atrisk populations. Furthermore, evidence from intervention studies suggests that full-service intervention models are the most effective format for reducing poor developmental outcomes for at-risk children.
Introduction
Children from impoverished backgrounds face obstacles from the moment of conception, and some speculate that risk may be transmitted across generations. Barriers that may be endured by such children include poor prenatal care, inadequate nutrition, deficient medical care, and insufficient education. Consequently, many factors have been indicated as influential in fostering poor developmental outcomes. The causes of negative child outcomes need to be reconceptualized in terms of the effects of multiple risks. In particular, accumulating epidemiological evidence suggests that risks strongly interact, creating a need for multifaceted and comprehensive intervention services for at-risk children [1] . In order to change environmental conditions that directly affect child development, efforts must be directed at different combinations of risk. Risk can be understood as a "proxy for need" of services [1] . This paper reviews the extent of the problems associated with non-optimal development in children from
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The authors are affiliated with the Department of Psychology in the University of Miami in Coral Gables, Florida, USA. deprived backgrounds. Two parallel lines of research will guide the paper: epidemiological evidence and early intervention. Such a review is intended to inform the discussion concerning the development of an integrative programme to promote maximum nutritional, medical, and educational opportunities for child development. In particular, this paper examines the effects of poverty on development. When evidence from developing countries is not accessible, examples from research in industrialized nations will be used.
Conditions of poverty as measured in industrialized nations are relevant when studying the effects of poverty in developing countries due to the "epidemiological transition." The epidemiological transition suggests that ambient factors commonplace in industrialized countries are inherited by developing countries as they advance [2] . Thus, developmental outcomes of poor children in the United States may be predictive of outcomes of children in developing nations. In addition, this paper will distinguish between outcomes based on single-component interventions, multicomponent interventions, and full-service interventions.
Scope of the problem
Currently poverty may be the most pervasive risk factor affecting child development. In the world today, there are approximately 1.3 billion people living in poverty [3] . In the developing world, estimates suggest there are over 500 million children under the age of five years, and approximately 97 million of them live in the least developed countries [4] . Although exact estimates of child poverty in developing countries are difficult to make, estimates from the United States suggest that approximately 14 million children, including 5 million pre-schoolers, were living in poverty in 1995 [5] .
Such figures may seem astonishing, since the United States is one of the world's wealthiest nations. Even so, children in the United States are 1.6 times more likely to live in poverty than children living in Canada, three times more likely than those living in France or Germany, and two times more likely than those in Britain [6] .
Minorities in poverty
Besides general mortality indicators, it is necessary to consider ethnicity as a risk factor for children from deprived backgrounds. There have been persistent differences between ethnic groups in infant mortality rates (IMR). Specifically, in 1994 the IMR (per 1000 live births) for black infants in the United States was 17.1, which was 9.2 times higher than that for white infants [6] . Analysis of the 1989-1991 birth cohort in the United States showed that American Indian/Alaskan natives had the second highest IMR (12.6), followed by infants of Hispanic origin (7.6) . White infants and infants with only one parent from Central or South America and Asia or Pacific Islands all had IMRs of 6.6 [7] .
It is obvious from the above statistics that mortality, specifically, and poverty, generally, are not distributed equally across different demographic groups. African-American children, Hispanic-American children, and children from single-parent homes are disproportionately impoverished [8] . Moreover, the effect of adverse environments on development is substantially impacted by the duration of time spent in poverty [9] . In the United States, 18.3% of children under the age of 18 were living in poverty, based upon 1989 family income [6] . A breakdown by ethnicity exemplifies the nonparallel representation of minorities in poverty: 12.5% of white children were living in poverty compared with 39.8% of black children and 32.2% of Hispanic children [6] . Further, estimates from 1992 suggest African-American children are more likely to experience long-term poverty than are white children. Twenty-nine percent of African-American children were poor for 10 or more years, as compared with less than 1% of white children [8] .
Effects of poverty on development
Regardless of ethnicity or geographical region, the impact of poverty on development is associated with a disproportionate number of adverse outcomes. Factors associated with the duration, severity, and timing of poverty are important to consider when assessing outcome for children. Research has found tangible differences between developmental deficits in children living in long-term poverty relative to those who experience short-term poverty [9] . Differences between the extremely poor and the moderately poor have also been identified. For example, one study found that the incidence of low birthweight (less than 2,500 g) was greater among children experiencing severe rather than mod-erate levels of poverty [9] . Studies have also shown that toddlers and young children in poverty have a lower rate of school completion than children and adolescents who endure poverty in later years [10] .
Given the many influences associated with poverty, the diversity in developmental outcomes for children from deprived backgrounds is understandable. Poverty is fundamentally linked with a reduced opportunity for optimal development. Specifically, poverty is known to impact major areas influential in child development, such as access to appropriate nutrition, medical care, and education. A detailed discussion of these issues can be found in this volume [11] .
Epidemiological evidence
Traditional regression models and mean difference models have historically been used to study the impact of poverty on child development. These methods may not be the most effective to analyze the problem. The effects of poverty on development can most effectively be understood in terms of an epidemiological multiple-risk-factor model. Such a model allows a differentiation between the impact of the risks associated with poverty on the individual and the consequences of poverty to the population. This distinction cannot be achieved using regression.
To distinguish between risk associated with the individual and risk to the population is important for making recommendations to clinicians and policy makers. The prevalence of a risk factor will govern its impact on the population. It is possible to have a rare but serious risk factor that is of great clinical importance when present in the individual but is of minor importance to the population. On the other hand, exposure of a large segment of a community to a risk factor can have a great impact on the occurrence of a disorder in the population. Such a relationship can be evident even when the association of risk with an individual appears to be relatively weak when examined in terms of regression coefficients or mean differences. Small mean differences or very modest correlations (even in the range generally considered negligible by researchers in child development) can have large effects on populations.
Much of the importance of population effects is associated with changes in the shape of the normal distribution. For instance, a large increase in the number of cases in the lower tail of the normal distribution will show only a small effect when expressed in terms of product-moment correlations or mean differences [12] . A reader who finds this surprising might reflect on the observation [13] that the correlation between smoking and lung cancer results in a product-moment correlation of approximately r = 0.10. The difference Epidemiology of child developmental problems between smokers and nonsmokers, expressed in terms of risk ratios from the same data, shows that smokers are approximately 11 times more likely to contract lung cancer than nonsmokers.
Epidemiological measures of effect
Epidemiological statistics focus on differences in proportions, whereas regression focuses on prediction of means and variances. The risk ratio (RR) is an important measure of individual risk. It measures the rate of disability among those who are exposed to a given risk factor relative to the rate of disability among those who are not exposed [14] . The population-attributable risk fraction (PAF) is used to estimate the effect a particular risk has on the population. Particularly, the PAF estimates the proportion of cases in the population that would be prevented if the risk factor was eliminated. The PAF takes into account the prevalence of the risk factor in the community, the rate of the disorder among those who are exposed, and the rate of the disorder among those who are not exposed.
The effect of two risk factors, low maternal education (<12 years) and very low birthweight (<1,500 g), on determining special education needs provides a good illustration of RR and PAF [15] . A child who has a mother with low education and who was born with a very low birthweight is 3.10 times more likely to be identified as needing special education services at age 10 than a child whose mother has at least 12 years of education and who was not born with a very low birthweight. On the other hand, only 0.1% of the special education cases were attributable to the joint occurrence of low maternal education and very low birthweight. Thus, although the increase in risk associated with the combined occurrence of these risk factors on the individual is substantial, they rarely occurred in the study population. In a population in which the joint occurrence of these risk factors is more prevalent, as it is in some developing countries, the fraction of cases attributable to the risk factors could be much larger.
To summarize, a risk factor that may be of high relevance to the management of an individual case may not necessarily indicate its effect on the population. In order to address the importance of the risk in the population, data about the prevalence of the risk in the population must be examined. From a public health planning perspective, effects measured by regression are of limited use, since this method combines information about the strength and prevalence of a risk factor in the study population into a single coefficient.
Another important finding from epidemiological studies is that risk factors are not randomly distributed in populations. Using regression models it is possible to estimate the effects of one variable or risk factor while holding the others constant. This practice is sometimes referred to as using statistical controls or partialing out effects. Although such a method may be scientifically useful and interesting, it may lead to serious misunderstandings from a public health perspective.
Statistical control of risk factors can be problematic because they often co-occur or cluster together. In a recent study, Hollomon [16] illustrated this problem by analyzing a data set using several different methods. Children of teenage mothers were identified as the group at lowest risk for later cognitive problems when logistic regression was used to statistically control for educational level, birthweight, sex, gestational age, prenatal care, marital status, and maternal age. The cluster of risks controlled for in this analysis consists of those characteristic of births to teenage mothers in the United States. A cohort of births to teenage mothers without these risks is almost, if not totally, nonexistent. Not only do these risk factors occur in clusters in teenagers, but they also interact with each other. The public health importance and population impact cannot be understood by isolating effects statistically. In understanding the impact of poverty on children, an emphasis must be placed on understanding the clusters of risks that are present in a society and then addressing the problem with a multicomponent approach.
Single-component models
Single-component models approach intervention by targeting specific areas known to impact child development. Interventions to be discussed include research designs that focus on modifying areas of nutrition, health, or education. Nutritional interventions typically support dietary change by providing deficient nutrients or supplementary feeding. Medical interventions have focused on increasing access to primary, preventive child care, and educational interventions have emphasized an early awareness of skills important for successful school achievement. The population targeted for these interventions includes children at risk for adverse developmental outcomes. Outcome measures primarily focus on cognitive and physical domains of child development.
Nutrition

Short-term interventions
Early supplementary feeding is known to combat later developmental delays. Yet the duration of intervention may influence the impact on development. A short-term supplementary feeding programme was administered in West Java, Indonesia. The purpose of the investiga-tion was to study the impact supplementary feeding had on weight, height, motor development, and mental development [17] . Twenty day-care centres with an enrollment of 15 or more children aged 6 to 20 months were selected for study. Nine of the centres received a 90-day supplementation, and 11 were used as controls. All of the children showed a marked deficit in weight and growth stunting at inception of the study, and no group differences in motor or mental development existed between the groups before supplementation.
The results indicated that the supplemented group experienced a large, positive weight change as compared with the control group. No differences in height were found between the groups. The supplemented group increased 14.1 points on the Bayley (psychomotor development index) as compared with the non-supplemented group. No differences between groups were found on the mental development index. Thus, shortterm supplementation was effective at altering weight and motor development, but not height or cognitive development. Supplementing women during pregnancy and lactation but not supplementing the offspring has also been found to have a beneficial effect on the motor development but not the mental development of children [18] .
Long-term interventions
There is evidence to suggest that long-term early supplementary feeding does affect cognitive development. Supplementary feeding during pregnancy and the first months of postnatal life has enhanced mental development among toddlers [19] .
In a longitudinal study in Guatemala, 2,000 children aged seven years and younger from four villages participated in a nutritional intervention between 1969 and 1977 [20] . The children in two of the villages received a high-protein supplement (atole), and those in the other two villages received a lesser supplement containing one-third of the calories and no protein (fresco). In 1988, 70% of the children (1411) were contacted; at that time they ranged in age from 11 to 26 years.
Cognitive development was measured using school performance variables. Subjects who received at least two years of postnatal supplementation (n = 611) were examined. The analyses were more favourable for subjects who received atole. The results indicated that as children aged, the developmental benefits of early supplementation increased.
Specific analyses indicated that children in the atole villages performed better on tests of arithmetic, reading, and general knowledge. Treatment by maximum grade attainment was also observed. Children receiving atole scored significantly higher on tests of reading than those receiving fresco and were consistently at the upper end of the grade distribution. With re-gard to socio-economic factors, analyses revealed that the atole villages had significantly lower maternal education and significantly higher father employment than the fresco villages. Yet, subjects receiving atole performed significantly better than subjects of similar socioeconomic levels receiving fresco in tests of literacy, standardized reading and vocabulary, and general knowledge. The authors concluded that differences in performance on tests of complex mental abilities in adolescence can be attributed to differences in individual transactions with the environment, and early supplementary feeding directly impacts on these transactions [20] .
Health
Intervention efforts have been directed at providing primary and preventive care as a means of improving general health for children in adverse situations. Several studies have measured the effects of sustained contact with a primary physician or nurse on infant health. A study of infants up to eight months of age in lowincome African-American families found that there were no differences between intervention and control subjects on measures of general health, morbidity, incidence of accidents, or immunization rates [21] . However, the intervention group performed significantly better on measures of gross motor skills and had significantly fewer upper respiratory symptoms than did the control group.
When public health nurses provide sustained services, the outcomes are not noticeably different. Ninety-eight infants up to nine months of age from low-income families participated in an intervention aimed at providing case management to facilitate child health clinic and immunization services [22] . Differences were found between the groups. Infants in the intervention group had significantly more adequate child-health clinic visits than the control group, who received segregated casemanagement services. Although there were no differences between the groups in rates of adequate immunization, differences in cost-effectiveness were identified between services provided by public health nurses and fragmented services.
Medical interventions have also been directed at infants with particular conditions. For example, interventions with low-birthweight (LBW) infants have attempted to reduce harmful stimulus in neonatal intensive care units and newborn nurseries [23] . Particularly, LBW infants are placed in soothing environments that promote behavioural and central nervous system organization. Short-term effects such as weight gain, decreased apnea, and positive changes in state organization have been found. However, long-term changes have not been detected [24] .
Education
There is a long history of early educational intervention designed to meet the needs of children at risk for poor educational outcomes due to poverty. Some programmes focus primarily on the educational component. A follow-up to a three-year-long intervention was conducted, providing an educational curriculum to severely malnourished children through a home-visiting programme in Jamaica [25] . At age 15, children who received intervention scored higher on an IQ test and measures of school achievement than malnourished children who did not receive intervention.
Multicomponent models
Programme initiators motivated by different interests have provided many and varied intervention programmes to children at risk for developmental problems in both the United States and developing countries. There has been a shift away from isolated intervention efforts to more comprehensive models. Multiple intervention services are provided in order to address the multiple needs of at-risk children. These programmes can be discussed in terms of model programmes that test the best practices under optimal conditions in a small group of children. Other programmes represent the widespread practical application of model programmes.
Model programmes
Perry Preschool
The group most frequently targeted for intervention in the United States is children who are considered at risk due to chronic exposure to severe poverty. The Consortium for Longitudinal Studies provides the best evidence for the efficacy of early intervention with these children [26] . One programme evaluated by the Consortium, the Perry Preschool Program, provided a highquality, active-learning pre-school experience to children living in poverty. Researchers found that children who participated in the intervention had fewer special education placements, fewer grade retentions, higher rates of high school graduation, and more optimal postsecondary employment [27] [28] [29] .
Abecedarian
The Carolina Abecedarian Project varied the duration and intensity of early intervention to an impoverished population. Children received no educational intervention or intervention from infancy through grade 3, infancy through pre-school, or entry into school through grade 3. Services in pre-school included centre-based care, educational curriculum, nutrition, on-site medical care, and supportive social services. Children who received pre-school intervention had higher IQ and achievement scores through age 12 [30] . There was less support for the effectiveness of intervention only in children of school age. The researchers concluded that more intense intervention services resulted in better long-term outcomes [30, 31] 
The Infant Health and Development Program
The Infant Health and Development Program (IHDP) was a multisite, randomized clinical trial designed to evaluate the efficacy of early intervention. The IHDP targeted children who were at risk because they were born with low birthweight (less than 2,500 g) and were premature (less than 37 gestational weeks). It combined early child development and family support with paediatric follow-up in an attempt to reduce developmental, behavioural, and health problems experienced by an at-risk population [32] . From birth to age three, the intervention group received paediatric follow-up, home visits, parent support groups, a developmental curriculum encompassing cognitive, social, motor, and linguistic skills, and 25 hours of centre-based care a week. The paediatric follow-up group received paediatric and referral services only [32, 33] .
At age three immediately following intervention, the IQ scores of the intervention group were significantly higher than those of the follow-up group. The followup group was at increased risk for behaviour problems compared with intervention children. Finally, there were no differences between the groups in the number of serious health conditions, but mothers of children in the intervention group reported more minor illnesses. This result may reflect closer monitoring of mild symptoms by these mothers [32] .
By age five, no intellectual difference was observed between the two groups for the lighter infants (<2,001 g), but the heavier children receiving intervention (2,001-2,500 g) continued to exhibit higher IQ scores than the corresponding follow-up children. No differences in behaviour or health status remained at age five [34] . A follow-up of the IHDP completed at eight years obtained measures of school achievement in addition to cognitive measures [35] . Among the heavier LBW children, those who had received intervention continued to show a significant advantage in IQ (4.4 points) and had higher scores on a mathematics achievement test than control children. There were no significant differences between any groups in performance on a reading achievement test, number of special education placements, behavioural measures, or health status [35] .
Developing countries
In some other countries, exposure to conditions of poverty and malnutrition is more severe and more likely to interfere with the normal course of development than in the United States, where compensatory services are more readily available. Unfortunately, the efficacy of multicomponent early interventions has been less well established under these conditions. McKay conducted a multicomponent intervention trial on an impoverished sample in Colombia that included health care, nutritional supplementation, and pre-school education [17] . They found that the earlier the intervention services began, the better the outcome for the child.
The Jamaican Study was a two-year intervention that varied levels of intervention services [36] . All children received free medical care. Groups who received one of four levels of intervention were compared: control group, nutritional supplementation, psychosocial stimulation, and a combined group. Results indicated that the control group had the lowest developmental quotient, the single-component interventions scored in the middle, and the combined intervention group scored the highest. Nutritional supplementation benefited motor and performance subscales, whereas psychosocial stimulation improved all subscales. Supplementation appeared to have a gradual and more long-term effect, whereas stimulation had an immediate effect that lessened with time [36] .
Practical applications Head Start
In addition to determining the efficacy of highly controlled early intervention programmes, it is essential to determine if these services can be implemented on a population basis. The Head Start programme was the first nationally implemented intervention programme with educational outcomes as the primary focus. A comprehensive services model was adopted to achieve the goal that all children be ready to learn at school entry [37] .
The primary components deemed influential on child development were education, health, parent involvement, and social services [37] . The emphasis on parental involvement makes Head Start one of the first two-generation intervention programmes. The goal is to influence parental self-sufficiency in addition to child development [38] .
In theory, the provision of these services improves a child's ability to learn and be successful in an academic realm. Evaluations of Head Start's effectiveness have yielded mixed results. The nationally mandated Westinghouse Report investigated the impact of participation in Head Start on later school achievement and found little effect of early intervention on school achievement [39] . This report has been criticized for a number of reasons [39, 40] , and recent studies show more encouraging results [41, 42] . Other large-scale implementations of multicomponent interventions have been more clearly successful in improving the long-term educational outcomes of children from impoverished environments [43] .
Integrative services model
It is becoming increasingly recognized that the problems experienced by children and their families do not occur in isolation; therefore, the services that address them should not occur in isolation. The goal of fullservice integration is to increase the availability, access, and utilization of services to children and families living in poverty, while reducing the cost of implementation [44] . Models of continuous care have been implemented successfully in the area of health care [22] and child development services [45] . The following is an example of a model intervention program based on an integrative services model that goes beyond nutrition, health care, and education to incorporate all aspects of service delivery.
Linda Ray Intervention Program
Programme description
The Linda Ray Intervention Program (LRIP) was designed to provide a total service intervention for infants from low socio-economic status inner-city neighbourhoods who had been exposed to cocaine in utero. The LRIP is a model intervention programme that serves children from birth to age three. Children are randomly assigned to home-based or centre-based groups until full-capacity enrollment is reached. Subsequently, from the same referral sources, a primarycare group is enrolled that receives primary medical care, social work services, developmental assessments, and transportation to these appointments.
In addition to the services provided in the primarycare group, a teacher visited the home-based children twice a week for 1.5 hours per visit to demonstrate childcare activities based on the intervention curriculum (described under the educational component). Children in the centre-based group received curriculum instruction at the Linda Ray Intervention Center five days a week for five hours per day. Children in the latter group had the same teacher and peer group throughout the three-year intervention.
The LRIP was conceptualized as a model intervention based on a public health approach that is empirically driven with correspondence rules relating developmental outcomes to sources of risk to intervention strategies. The tradition of public health research and programme planning has focused on preventing specific undesirable outcomes, such as disease or risk factors for a disease. A risk factor is any characteristic or circumstance of a person or group that is associated with the development of an undesirable outcome. It may be medical, social, economic, cultural, or some intersection of these variables. The public health model uses a retrospective paradigm working backward from an adverse outcome to risk factors associated with it that will be targeted for prevention [1] .
There are four major steps in the process of developing an intervention based on the risk factor model. First, researchers select an adverse outcome to be targeted that has been identified through surveillance data. In public health, surveillance data are defined as the "ongoing, systematic collection, analysis, and interpretation of outcome-specific data for use in planning, implementation, and evaluation of public health practice" [46, p. 3] . Second, a source of risk is identified that is associated with an increase in the targeted outcome. Third, a service or strategy is designed that will prevent the occurrence of the risk factor. Finally, an intervention component is developed or a pre-existing agency is identified that will provide the prevention service.
Intervention components
On the basis of the surveillance data, several areas of risk were identified to be targeted by the intervention programme. Risk was conceptualized in terms of risk factors associated with the pre-school child, infant/toddler, birth characteristics, child care, maternal/family characteristics, and the overarching health and social context. Specific sources of risk were repeatedly identified within these broad areas of risk, including education, medical care, nutrition, family education and support, social services (crisis management, family planning, emergency assistance, etc.), and transportation. The repetition of risk sources and the services needed to address them across domains suggested an integrative services model that is qualitatively different from previous multicomponent interventions.
Education
First and foremost, the goal of the intervention programme was to prepare these at-risk children with the readiness skills necessary for school entry, especially literacy skills. A comprehensive educational programme was developed to address many areas of development affecting academic outcomes. The major intervention service developed to address educational risk was the outcome curriculum.
Children exposed to cocaine prenatally have heterogeneous outcomes, ranging from no documented problems to deficits in language development [47] , fine and gross motor skills [48, 49] , and social-emotional functioning [47, 48, 50] . Although early researchers attributed these delays to in utero substance exposure, recent studies focus on the role of the environment in exacerbating the outcomes of these children [51] . On the basis of these findings, it was determined that a curriculum strong in all developmental areas was needed.
Thus, a broad, developmentally sequenced model was adopted, rather than one focusing on specific developmental deficits.
Medical care
The LRIP participants have daily access to nursing and medical care and 24-hour emergency medical assistance. They receive on-site primary well-child care, including immunizations. Parents are educated about appropriate hygiene and prevention of chronic minor health problems associated with this population. In addition, the programme coordinates family planning and prenatal care services for subsequent pregnancies.
Nutrition
The children are provided meals and snacks at the centre, which constitute two-thirds of the recommended daily allowances. A certified nutrition specialist serves as a consultant. Parents are educated as to developmentally appropriate feeding practices within cultural parameters. Medical staff monitor weight gain and review diets during routine visits. Teachers and social workers coordinate access to food-supplementation programmes.
Family education and support
Two-generation programmes that promote both the child's development and the self-sufficiency of the family (parent education, employment, etc.) are viewed as the most efficient method of maintaining intervention effects [38] . Providing parent education and support is one of the central components of the LRIP. Weekly parent education classes are held at the centre, where topics such as drug education, proper hygiene, making toys, and responsive caregiving are taught. Additional instruction is provided to alternative primary caregivers through the initiation of Father and Grandmother Groups that provide a social support network for alternative caregivers.
Social services
In addition to the services administered directly through the LRIP, social workers help inform the families of the resources available in the community and coordinate their access to those resources. They work closely with the public health nurses who visit families of the LRIP and with existing public service agencies. The social workers as well as the home-based teachers act as advocates for their clients with these agencies.
Transportation
The families of the LRIP need to be able to access the services available to them to ensure success. Therefore, transportation is provided daily to all centre-based children through LRIP-operated buses. Transportation to assessment and medical appointments is provided for all children. Mass transit passes are provided to fami-lies to facilitate access to resources. Without adequate transportation, many families would not be able to take advantage of the intervention programme or services within the community.
Preliminary analyses
Although complete data on the first cohort of children will not be available until the summer of 1998, preliminary findings are being used to modify the curriculum for use with the second cohort currently being enrolled. Preliminary evaluations have been completed through 24 months for 50 centre-based, 45 home-based, and 30 primary-care children. The scores for the home and centre groups in the areas of early social communication, language, and emergent literacy skills are generally in the low normal range. The curriculum and the programme have been enhanced in these areas for the second cohort now being enrolled. Eventually, a study will examine the cost-effectiveness of each intervention strategy in terms of its influence on child outcome.
Cognition and language
Preliminary analyses suggest that intervention beyond primary care had a significant effect on cognitive and language scores at 24 months. Children who received intervention scored higher on the mental scale of the Bayley Test of Mental Development (II) and on the Reynell Scales of Language Development (receptive and expressive subscales) than those in the primary-care group.
The groups maintained a consistent order in terms of outcomes, with the centre-based group performing highest, followed by the home-based group, and the primary-care group scoring lowest. A comparison between centre-based and home-based intervention provided some evidence that the more intensive, centrebased intervention yielded better outcomes. There was a marginally significant advantage for centre-based over home-based intervention on the Bayley Test and a significant advantage on the expressive subscale of the Reynell Scale.
Behaviour
A comparison of the children receiving centre-and home-based intervention on the child behaviour checklist revealed differences between groups in teachers' reports of behaviour problems. Children who attended the centre-based intervention were rated as having fewer behaviour problems than those receiving home-based intervention. This difference was especially apparent in the types of externalizing problems, such as destructive and aggressive behaviour, which are associated with subsequent substance abuse.
Home environment
Children receiving centre-based intervention had more routines in their day-to-day transactions and had a higher quality of home environment than those receiving home-based intervention. Although the intervention services of the LRIP are primarily child-focused, they appear to have positive secondary effects on aspects of the child's caregiving environment. This advantage exists primarily for children who receive intervention at the centre rather than within the home.
Discussion
Developmental epidemiology
In addition to a direct comparison of three levels of early intervention on child outcome, a series of longitudinal studies of risks affecting long-term educational outcomes is being conducted in conjunction with the Florida Department of Education and the Department of Health. These two areas represent parallel lines of research that provide independent information about the interaction of risk factors and their influence on child development. Along the epidemiological line, a computerized linkage of the birth records of all children in the state of Florida with public school records yields an instantaneous longitudinal data set capable of identifying risk factors present at birth that serve as markers for poor educational outcomes. The data linkage procedure has been validated previously and yields 97% sensitivity and specificity estimates as compared with a gold standard linked by hand [52] .
Scott et al. [53] provided the groundwork for the application of the public health approach to child development by describing a method of investigation termed developmental epidemiology. Developmental epidemiology is defined as "the study of the distribution of behavioral outcomes in infancy and childhood and the indicators of their occurrence" [53, p. 352 ]. The major goal of this field of study is to estimate the magnitude of risk of a poor developmental outcome due to antecedent exposure to one or more risk factors in a manner that will guide prevention and intervention efforts.
Studies from the epidemiological data set have identified low birthweight, low maternal education at birth, and iron-deficiency anaemia as risk factors for special education placement (as a proxy for disability) at age 10 [15, 54] . A dose-response relationship was found between birthweight and maternal education. Children who were born with low birthweight or to a mother who had not completed high school were more likely to be placed in special education. These risk factors also interacted, putting children who had both risk fac-tors at the highest level of individual risk. Although clinically important, such children accounted for a small number of the overall cases of special education. Children born to mothers with low levels of education are an important group to target for early intervention from a public policy perspective, because they comprise a large percentage of children receiving special education services.
Within the general category of special education, low maternal education and male sex were factors strongly associated with risk for behaviour disorders [55] . Low maternal education, low birthweight, having an unmarried mother, and male sex were linked to mild and moderate mental retardation, whereas birthweight and delivery complications were risk factors for profound mental retardation [56; Chapman DA, Scott KG, Blair C, Krieger-Hurtado E, Urbano RC, personal communication, 1998). The risk factors associated with learning disabilities include male sex, low maternal education, unmarried mother, young maternal age, low birthweight, late prenatal care, and belonging to a minority group [Blair CB, personal communication, 1998 ]. Maternal education below high school completion is a risk factor common across educational outcomes. It may serve as a mediator between low socio-economic status and nonoptimal development through the mechanism of inadequate provision of stimulation to the child.
A risk factor can have an independent effect, or combinations of risk factors can have joint effects that lead to an adverse outcome. Exposure to multiple risk factors can lead to a variety of poor developmental and educational outcomes. There can be diverse risk factors for similar outcomes (equifinality) or a common risk factor for diverse outcomes (multifinality) [23] . Therefore, the most effective method of intervention is an integrated service model that targets all identified risk factors.
Implications for public policy
Studies based on early intervention and developmental epidemiology have implications for public policy. First, families at risk experience multiple risk factors that require multiple services to address them. Second, studies in other fields (e.g., health care) have indicated that integrated services increase utilization of services and yield a positive cost-benefit analysis [22] . Third, multiple-component intervention models such as Perry Preschool, Abecedarian, and IHDP have resulted in positive long-term developmental and educational outcomes for children at risk for problems and delays. Cost analyses have indicated substantial benefits for early intervention in terms of reduced special education placement, reduced grade retention, higher graduation rates, more optimal post-secondary employment, reduced welfare costs, and decreased justice system contact [57, 58] . It is not uncommon in intervention studies to see delayed benefits of early intervention in areas such as these, known as "sleeper effects," in the absence of shortterm benefits.
The conclusion from these findings is that a full-service early intervention is the most effective and costefficient way to meet the needs of children at risk because of chronic exposure to poverty. However, these programmes require substantial initial funding before long-term benefits can be observed. Integrated service models may provide the answer for reducing spending in the long run; however, the initial outlay of funding must be supported by the government.
A caveat to this conclusion is that the situation will not be resolved immediately. There is evidence for intergenerational effects of poverty on child development [59, 60] . For example, mothers who were born with low birthweight have an elevated risk of having a LBW child, regardless of nutritional, medical, and socioeconomic factors during pregnancy [60] . There appears to be a multigenerational process in which the conditions of a mother's birth and childhood growth contribute to her reproductive success [59] . The implication is that it may take more than one generation of intervention to achieve optimal child development.
On the basis of the evidence from epidemiological data and early intervention evaluation, it is recommended that funding for a full-service model with integrated services be made available to at-risk children. In the United States, children living in poverty have benefited from interventions based on this format. It is speculated that the best method to prevent developmental delays and suboptimal educational outcomes in children exposed to chronic and severe poverty conditions in other countries is through a fully integrated, multigeneration intervention programme.
